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l. PURPOSE AND SCOPE
The purpose and scope of this program was fully
outlined in the first quarterly report.,1 The requirements

set forth there remain unchanged.



2. ABSTRACT

The goal of this program is a C-band duplexer-
limiter package meeting stringent electrical and mechanical
requirements. The program has involved principally the
investigation of four components: a four port coaxial
Jjunction circulator, a coaxial subsidiary resonance limiter,
various forms of the multisphere gyromagnetic coupler, and
a varactor limiter. Progress on all of these components
is reported. A detailed theoretical analysis of the
multisphere coupler and experimental results with the
varactor limiter are presented in this report for the first

time.
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4. PFACTUAL DAYA
4.1, DESIGNS UNDER STUDY

The final form of the duplexer-limiter package to
be developed on this program will be a well integrated
combination of several components. The configurations in
the block diagrams of Figure 1, of the second quarterly
report, are still being studied. Work on the varactor
limiter, which was purposely delayed during the early
phases of the program, while awaiting the development of
the subsidiary resonance limiter, is now well underway and
valuable data are being obtained.

4.2 PROGRESS

4.2.1. Four-Port Circulator. During the last
quarter various ferrite and garnet materials have been
evaluated in a four port circulator. Emphasis has been
pPlaced on the use of garnet materials as they would more
readily withstand the temperature and high power require-
ments of this program.

Figure 1 shows data obtained with a magnesium
manganese ferrite material. Isolation of 15 to 20 db,
VSWR of less than 1.2 and insertion loss of less than 1.5
db over a ten percent band have been obtained. This band
is slightly higher in frequency than the design goal, but

could be lowered with a modification of the puck diameter.
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Figure 1. Electrical Characteristics of Four-Port
Circulator (Magnesium Manganese Ferrite)



Figure 2 shows data obtained with a 60% gadilinium
substituted yttrium iron garnet material having a linewidth
of 250 oersteds. 1Isolation of 13 to 15 db, VSWR of less
than 1.5 and insertion loss of less than 4 db over the band
are obtained.

Figure 3 shows data obtained with yttrium iron
garnet., 1Isolation of 19 to 35 db, VSWR of less than 1.7
and insertion loss of less than 5 db over the band have
been obtained.

As can be seen from the curves, in gecing from a
ferrite to a garnet, the irsertior loss is increased. It
can also be seen that the insertiorn loss increases more
rapidly at the lower frequencies. 1indicating that the
garnet is near resonance. Variation in VSWR and isolation
between the ferrite and garnet loaded circulators 1s a
result of the matching. Improved matching, however, would
not greatly decrease the insertion loss.

At this point ir the program the isolation and
VSWR specification could be met with proper matching
techniques but the insertion loss has presented a more
formidable obstacle. 1In order to decrease the insertion
loss, it will be necessary rot only to find a material and
configuration which will demonsttate intrinsically a lower

loss, but also will have a cuculation point farther from
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resonance.

The following four approaches were enacted:
(1) A series of garnet pucks of varying diameters from
0.250 inches to 0.750 inches by 0.100 inches thick were
fabricated. Variation in the garnet geometry changed the
demagnetizing factors, allowing circulation to occur at a
frequency removed from resonance. Evaluation of these
materials showed that the insertion loss was still
decreasing at a puck diameter of 0.750 inches. Larger
garnet pucks are now being manufactured for evaluation.
(2) Changes in the strip width and garnet puck height
were made to see if a resonance peculiar to the geometry
were present. No improvement was noted upon making the
changes. (3) A housing utilizing a tuning screw on the
axis of symmetry, as shown in Figure 4, was fabricated.
Garnet pucks with a hole in the center to allow for the
tuning screw adjustments were also fabricated. Comparison
of this arrangement with a similar unit without the center
hole and tuning screw showed no marked improvement. (4)
Various garnet and ferrite materials of varying size were
evaluated in an attempt to find a material with an overall
lower insertion loss. This evaluation is still going on

and as yet the minimum insertion loss encountered has



Figure 4.

Four-Port Circulator Housing with
Tuning Screw on Axis of Symmetry
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been on the order of 1 db using a ferrite material.

During the next interval an evaluation of larger
garnet pucks and continued evaluation of various materials
is expected to lead to a decreased insertion loss. Greater
emphasis will be placed on carefully natching the unit to
see if asymmetries within the unit are contributing to the
loss.

4.2.2 Multisphere Gyromagnetic Coupler Limiter

BEarly results obtained with multisphere gyro-
magnetic couplers have been somewhat disappointing. This
has led, during the current reporting period, to a much
more extensive theoretical analysis of the problems
encountered in the design and constructicr of such a device.

A gyromagnhetic coupling linmiter (GCL) exhibits
bandpass filter characteristics. The equivalent circuit
of this component is closely approxinated by a resonator
coupled to a transmission line The filter characteristics
are determined by the degree of coupling and the magnitude
of the unloaded Q of the resorator. The resorator in this
particular case is a highly polished single crystal garnet
sphere. The size of the sphere and 1ts coupling parameters
are chosen so as to yield the best conprcmise between loss

and the desired limiting action above a certain signal



power level. The limiter is designed primarily to act as

a limiter and its bandpass characteristics which are usually
of secondary interest are determined by the degree of
coupling of the resonator to the transmission lines.

The application of conventional filter techniques
involving resonators in series can be used in the analysis
of broadband GCL. The major emphasis in filter design is
usually placed on achieving a high signal rejection ratio
below and above the cut off frequencies.

This aspect is of no direct concern in the design
of a broadband limiter. A high signal rejection ratio at
frequencies off the pass band will result as a natural
consequence of the dimensioning of the composite filter.

It should be mentioned here that a single resonator limiter
covering a pass band of 500 Mc at a constant insertion loss
of approximately 0.5 db would satisfy the pass band require-
ments of the component to be developed. A broadband single
resonator gyromagnetic limiter can be designed by selecting

a broad linewidth resonator. The insertion loss, however,
would be excessive as the dissipative loss increases with the
increasing linewidth of the ferrimagnetic solid.

A combination of a multiple of narrow linewidth
resonators is obviously the next consideration. A Chebishev

rather than a Butterworth filter design has been investigated.

17
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A filter consisting of an even number of resonators would
require a narrower bandwidth for the individual resonators
than would be the case where a single resonator is designed
to cover the entire pass band.

Analyzing the filter concept further, assuming a
pass band of constant insertion loss reaching from 5.4 to
5.9 KMC, a 3 db bandwidth of 600 Mc can be extrapolated.
From a further extrapolation, the 25 db bandwidth is found
to be in the order of 800 Mc. It should be pointed out that
the analysis does not take into account insertion loss due
to any absorptive mechanism, such as loss in the garnet
material.

Allowing a ripple of 0.1 db in the band pass, the
number of necessary resonators can be found analytically
or simpler by means of calculated tablesz4o

A "6-pole" network of a constant K configuration
will yield the desired band pass characteristics. For the
case of a band pass filter, the number of poles describes
the number of necessary resonators. The individual resonators
are tuned to the center frequency of the pass band (geometric
means of the upper and lower pass band cut-off frequencies).

The internal coupling of each individual resonator

is optimized and the Q of the resonators is controlled by



the proper selection of the linewidth of the ferrimagnetic
resonator spheres. This step avoids the necessity of
additional coupling networks between each resonator.
Further analysis shows that the minimum Q requirements can
be easily satisfied with gyromagnetic resonators. The
bandwidth requirements imposed on the individual resonators,
however, are still prohibitive and can only be obtained
with a relatively broad linewidth material. A broad line-
width in turn will always result in a high loss that will
not appear in the calculations of the over-all frequency
response.

The matter of loss is actually the crucial problem
with this approach. While the filter approach will satisfy
the response requirements, the loss will be prohibitively
high. An estimate, based on experimental results obtained
over the past several years at Sperry Microwave Electronics
Company, places this loss at about 3 db. A loss of this
magnitude is considered prohibitive for the purposes of
this program.

An alternate approach involves the use of a
parallel arrangement of resonators. This is actually the
approach that has received the most experimental attention.

The serpentine line, the multisphere common ground plane

19
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configuration, and the stagger tuned multistage GCL are
all parallel connected.

Thus far in the program, relatively poor experi-
mental results have been obtained with these devices. All
three forms have been investigated in the course of the
program. During the present reporting period a more
thorough theoretical investigation of the problem of the
multisphere coupler was initiated; and, as the investiga-
tion progressed, the common ground plane form of the device
was selected for experimentation. This structure is felt
to be the one that is most closely approximated by the
theory:; and has been found to have an advantage in mechani-
cal simplicity over the other forms of the device, which is
a considerable help in experimentation. A photograph of
the test piece presently being used is presented in Figure
5.

The theoretical investigation is presented in
Appendix A. It is essentially an equivalent circuit
development of a 2-sphere model of the multisphere coupler.
The final result is quite complex, and the use of a computer
would apparently be necessary for a thorough analysis.
Whether or not this result is of sufficient value to warrant
the required computer work is a matter that will be decided

early in the next quarter.



Figure 5.

Recent Model of the Common Ground
Plane Multisphere Coupler
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Hopefully, results can be derived that will lead
to more fruitful work in the laboratory.

4.2.3 Subsidiary Resonance Limiter. Material

investigations have comprised a large part of the sub-
sidiary resonance limiter investigation up to this time.
YIG poly crystaline material has received the most
attention. It has been shown that both narrow line width
and very low loss tangent are required for good limiting
and acceptable insertion loss. The application of
improved materials preparation techniques at Sperry has
recently resulted in the production of a garnet material,
having a linewidth of less than 30 oe and a loss tanget of
less than 0.0001. This material appears to be usable in
the subsidiary resonance limiter. It is now available in
small quantities for development work.

With the material problem close to solution,
considerable effort has been expended during this quarter
in developing an optimum limiter configuration in strip
line. The goal of this work is a device with a flat
leakage in the neighborhood of 20 watts and a low power
loss of less than 0.5 db. This is felt to be an ambitious
goal, and present performance, while good, does not yet
match it. A limiting curve representative of the perfor-

mance obtained to date is illustrated in Figure 6. The
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Figure 6. Electrical Characteristics of the Coaxial
Subsidiary Resonance Limiter at 5.6 Gc
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maximum loss of the device over the 5.4 to 5.9 km¢ range

is 0.8 db. The material configuration employed is illus-
trated in the Figure. Low loss, a maximum of less than

0.5 has been obtained in a slightly different configuration;
but this was obtained at the expense of approximately 4 db
of limiting.

Experimental results indicate that both lower loss
and lower threshold are obtainable in a device of this type
over a narrow band. Work in the immediate future will be
concerned with the development of a configuration which
leads to broad band, high limiting and low loss.

4.2.4 Varactor Limiter. "Clean up" varactor
limiters have received considerable attention during this
reporting period. The basic circuit under investigation
is pictured in Figure B-l1l of Appendix B. The design of
these devices is more straight forward and amenable to
calculation than the previously discussed ferrite components.
A theoretical analysis of a simple varactor limiter is
presented in an Appendix. These calculations lead to
valuable design information.

The physical structure being used in pictured in
Figure 7. The indicated short is reflected as a high
impedence in parallel with the varactor. Pill varactors

are being used to provide minimum lead inductance. RCA



Figuré

7.

The Varactor Limiter
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varactors with the following characteristics have proven

most successful:

£, ~ 220 gc (-6V)
¢ s 0.5 pf (-6V)
Rs ~ 1.5 ohms

The limiter structure was specifically designed
to allow two such units to be placed back to back with a
/4 spacing between the stubs at the mid band of the 5.4
to 5.9 gc band. It can be shown that a \/4 spacing will
vield a dynamic range that is approximately the sum of the
dynamic ranges of the two limiting stages plus an additional
factor of perhaps 6 db.

The structure was also designed to permit the use
of two varactors in a single stage of limiting. This
provision was made with the knowledge that the leakage
energy from the subsidiary resonance limiter may be ex-
cessively high for a single varactor. It has been found
that the best results can be obtained when both varactors
are placed on the same side of the strip.

Essentially the same values of high power isolation
are obtained with both the single varactor and the two
varactor versions of the device but the loss is roughly

doubled in the two varactor version. For a maximum high



power isolation of 8 db the loss in the single varactor
limiter is about 0.2 db., As indicated in appendix,
increased values of high power isolation are obtained at
the expense of higher low power insertion loss. A two
varactor limiter with a high power isolation of 15 db
exhibits loss in the neighborhood of 1 db. This configura-
tion has been tested to 1 Kw with a 0.001 duty cycle, behind
a subsidiary resonance limiter with a maximum high power
attenuation of 14 db. No deterioration in performance of
the varactor limiter was detected, and it is assumed that
the varactors suffered no high power damage. Higher power
tests of this type leading eventually to a test with 4 KW
into the subsidiary resonance limiter are planned for the
near future.

Assuming 4 kw into the limiter as the extreme
high power condition and assuming essentially no spike
attenuation in the subsidiary resonance limiter, the
varactor limiter will have to handle a 4 Kw spike 20 to
30 nanoseconds in half width. An acceptable performance
would be a reduction in spike height to a level of about
1 watt. This requires at least 36 db of high power
attenuation in the varactor limiter alone. On the basis
of present operation this level of high power attenuation

will be accompanied by excessive low power loss, unless

27
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the balance between high power and low power loss in the
present device is improved. This improvement is the goal

of work in the immediate future.



5. CONCLUSIONS

The lack of promising results with any of the forms
of the multisphere gyromagnetic coupler has forced the
adoption of the subsidiary resonance limiter approach as
the principle line of limiter investigation for the program.
Information forthcoming from a more thorough theoretical
investigation of the multisphere coupler could possibly
reverse this decision.

- High insertion loss in all of the components involved
now appears to be the largest obstacle to a successful
conclusion of the program. The last quarter should see
considerable improvement in this characteristic, but the
possibility of meeting the program's design goal in antenna

to receiver insertion loss now appears small.
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6. PROGRAM FOR THE NEXT QUARTER

Continued attention will be given to the problem of
insertion loss in the 4-port circulator, and the behavior
of the device at high power will be studied.

Theoretical investigations and some experimental
work on the multisphere gyromagnetic coupler will continue.

The 4-port circulator, the coaxial subsidiary
resonance limiter, and the varactor limiter will be
combined. This should take place during the second month
of the quarter, and will probably be the configuration to
be delivered as the program's final device. Emphasis will
be on high power performance and on the task of obtaining

lower antenna to receiver insertion loss.
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7. DISTRIBUTION OF MANPOWER HOURS

The following is the distribution of manpower hours

for the present reporting period:
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8. IDENTIFICATION OF KEY TECHNICAL PERSONNEL

The key technical personnel assigned to the program
have remained unchanged since the submission of the last

quarterly report.
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APPENDIX A
PARALLEL CONNECTION OF GYROMAGNETIC COUPLING LIMITERS

INTRODUCTION

A gyromagnetic coupler limiter utilizing two gyromag-
netic resonators is analyzed from an equivalent circuit
viewpoint. Below the threshold, the limiter can be regarded
as a symmetrical and reciprocal network. The latter state-
ment is not entirely true since the signal is subjected to a
different phase shift depending on the direction of the
signal with respect to the direction of the applied magnetic
field. Measurements, however, have shown that the differ-
ential phase shift of the signal is constant (180°) as a
function of frequency. Therefore the theory of reciprocal
symmetrical networks will apply.

A number of gyromagnetic couplers might be connected
in parallel and spaced such as to yield a broader bandwidth
than that of a single resonator. This parallel connection
has limitations because it requires the use of frequency
sensitive impedance transformers.

Figure A-1 shows the circuit concept for three reso-
nators, each tuned to a different resonant frequency. The
spacing (d) between the transmission line I and II may be
neglected as the device can be designed such that the
spacing is reduced to about twice the sphere (resonator)

diameter. The spacing between the resonators is critical
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for a minimum reflective loss within the passband of the
device. Assuming the center frequency of the passband to
be fo' the resonant frequencies are chosen symmetrically
above and below the center frequency of the passband.

The resonator tuned for a frequency higher than the
band center frequency will present a shunt susceptance at
frequencies below. If the signal frequency is higher than
the band center frequency, the resonators with lower reso-
nant frequencies will present a shunt susceptance of
opposite sign. Figure A-2 illustrates this concept.

These shunt susceptances alter the electrical lengths of
the lines with which the rescnators are spaced. The

electrical length of the terminating
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N/4 transformer is also a function of frequency. It would

Figure A-2

be desirable to know over what frequency band a parallel
configuration will operate without exceeding a given amount
of reflection loss and what the spacings between the reso-
nators should be and how long the terminating transformer
must be to obtain a maximum band pass at a tolerable VSWR.

A structure incorporating 2 resonators with resonant
frequencies £, and f, spaced symmetrically with respect to
the center frequency (f) of the pandpass is analyzed. Under

this condition the magnitude of the impedance (or susceptance)

A-3



of individual resonators at frequencies +Af and -Af removed

from £ is equal and differs in sign only.

ANALYSIS OF A TWO RESONATOR STRUCTURE

Kmuivalent circuit |< So =I I-t O 4’
N ».{ T B 3
\ 'R

Z, =505 Z$ = 504

N

=N

[
~0—

From Figure A-3 we can derive Figure A-4.
C> —JYW\T .
IN ' -~ I
o » 4
243
™ 43 238 |
2L |j2otm®,
e .
| Since the resonators
ouT —~ are tuned to frequen-
rrwn_l__xnnn, cies symmetric about
o * the center of the
o

bandpass, Z3 = Z4_

Figure 3. Top
Figure 4. Bottom



The resonators are assumed to be lossless. The
impedances of the stubs can be considered with the reso-
nator impedance Z3 to form a 4-terminal network II, so
that the equivalent circuit of the two-resonator limiter
can be split up into four 4-terminal networks as illustrated
in Figure A-4.

Network I and III have a transmission matrix of the form

cosBy J Z5'sinfg

|a1| = aIII' =1|j E;%gg cosb,
where 2,' = characteristic impedance of the transmission

line. For both networks the length of the transformer is
chosen to be equal (practical design aspect).
The transmission matrix of network II can be pre-

scribed as follows.

Z + Z
3
— 2
Z 3
arr| T |2z + Zy 2t 245
Z2 2

The four-terminal networks I, II, III can now be merged into
one by multiplication of the three transmission matrices.

The transmission matrix of this new 4-terminal network is:

My Mo

Ay 11 111

My; Mpo

A-5



where

Z3 and Z4 = resonator impedance.

(cosbA11 + jZ,'sinB.A21) cosbo

+ (cosboA;, + jZ0'sinBoAz2) J §inbo

25!

= (cosBohiq + jZo'sinfoAz1) jZo'sinbg
+ (cosBoRipy *+ jZo'sinBoAz2) cosbo

(JE%EQQ Ay, * cosOoA21) cosbo
o

sineo

22 =

Z5'

(j51n60

2Z + 23
Z2

Z + 23 _
Z

+ (_j sineoAIZ + CoseoAzz) j

A

+ cosedAzz)coseo

A, + cosOpAzq) isinboZo’

= electrical length of
the transmission line
transformer separating
the two resonators

= impedance of the trans-
mission line transformer

The admittance matrix for the combined network (I, II,

III, in tandem) can be found straight-forwardly from the

transmission matrix.

By adding this admittance matrix to the



admittance matrix for network IV and then transforming back
to a transmission matrix, the square of the characteristic
impedance of network IV in parallel with network I, II, and

III in cascade is found to be:
2 2
2 2= Mg 24
© 2 4+ 27 z,°M__% - 2M, .M
4 -~ “4 o2 T 12

2, 22%4

From this expression the VSWR of the network can be calculated

for any frequency since the VSWR can be expressed as

i
O

N
N

(o]
i}
|
0_0

N

o

Substituting the expressions for M and My, in the above

12

equation and rationalizing all reactive impedances, a real
expression for 202 is found. This expression is the exact
solution for Zoz. For convenience the rationalized numer-
ator and denominator of this lengthy expression are presented

separately.

Rationalized Numerator
2 2.2 2 2 2
Z3ZZ4zcos4eo + sinzeocos 00(420 A 24 - 22324 Z5'A3))

4 2 2

2 2 2
+2,'2,°Ap; sin4e + 4AZO'Z42cosesine(Z3cos 0 - 25 Ayysin 6)



Rationalized Denominator

2
..Z4

2
-cos 6(+ZZ3Z4)

.2 2,
+sin e(-zzo Z4A21)

+sin4e(—2A2120224A + Z42A2)

+cos49(z42A2 + 282,2,)

—sinecose(4z4zo'A)
2g_2

2 2 2
+5in20c0s20(~22,2A + Z4°ZAy° + —2—73— - 28572324
(o]

- 22,282 + 222'Ap1AZ4 + 4A21Z5'Z4A - 4Z3Z43)

z
. 2 3 2 2 é3 2
+sin3gcosd(-2a,, %2 °2 - 4A“Z,2,' + 22,°A F - 224°AR, 2
3 . 2 ' 2 z3+ 2 1+ 1
+cos 9sinf(22,°AA,,2,"' - 2Z,°A E; 1A 242, 28212,'232,
2
23
Z,' = characteristic impedence of the transmission line
transformer

Z3,2, = magnitude of resonator impedence

A= Ry, =2y = E_%%Eé where 2 = Z_'tanf
= 21T'l
6 A
2r+lo
9o —_

)



Resonator Impedance

For the evaluation of the general expression of 202
the resonator impedances Z, and Z3 have to be defined as a
function of frequency. This can be accomplished by ahalyzing
the passband characteristics of a gyromagnetic coupling re-

sonator.

Figure A-5

The following expression for the attenuation through
a single resonator gyromagnetic coupler limiter for power
levels below the threshold was derived in Reference 3 from

the equivalent circuit shown in Figure A-5.

2

£, £

= 2(f £
agp = 10 lOglo 1+ Q1 |+ -°

where QL is the loaded Q of the resonator.



The resonator is assumed to have a very high unloaded
Q so that the insertion loss a is due primarily to reflection

loss. Reflection loss can be written in terms of VSWR as

Reflection loss =

(s + 1)°
as
(s + 1)2

(reflection loss) g4, = 10 log, 15

tqp = (reflection loss) gp

. 2
--1+QL2(f_-—f2) - s+ 1)?

fo f 4s

)

Pi'nc

|
I
L
) | —
Measure VSWR at this port Zg 2
+
|
|
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2 [ £ ) 2
Let Q — -2 =P
L fo £

then

Z = Zo' [; + 2P % 2\/P(1 + P{] .

This 2 is the impedance looking into the resonator which is
terminated in Z,'. To find a series equivalent impedance

for the resonator, consider the following 4-terminal net-

works.

| ¥ |
o | nl mmdibie 1 ©
Z—> | | 25
o } I o

l____;_____l
o i AAN 4i o

| | )

Z2 =23+ 2, | Z5
Pz 2-7% | | ]
LS _j 7

Z3 = Zo‘ (l + 2P % 2 VP(l + Pg - Zo'

2P £+ 2 VP(l + P)) = series equivalent

impedance of resonator

= 2

N
w
|

N
]

3 = 2%y (P +\P(1 + P)).

A-11



A-12

Approximations at the half power points indicate

that the minus sign should be eleminated. Substituting for

P,

N
w
]
N
N
(o)
IOI
r‘l\)
)———.—\
H\ll‘h
|
Hrll‘h
(o]
N




APPENDIX B

VARACTOR ON A QUARTER WAVE STUB

INTRODUCTION

The problem of a varactor limiter on a \/4 stub is

treated here on the basis of the equivalent circuit shown

in Figure B-1l.

@ —@-
23
—_'Cz Zo RL
~t
Rs A
' *
vV |
Figure B-1
/V
Cj = junction capacitance
I., = Lead inductance
Ry = Varactor resistance
Cl = High power tuning adjustment
C2 = Low power tuning adjustment



in

Impedence of \/4 line

.Input impedence looking into \/4 line

QUARTER WAVE STUB TERMINATING IMPEDANCE

At high power levels,

is very high.

the junction capacitance Cj

It follows that the capacitive reactance is

quite small, and the \/4 stub terminating impedance is

Z

v l .
-3 wor (Rg + j wL)

LN
R +jFL-._l_
s UCl
Then,
2 . 1
Zg 2 Rg + J |\ wh - goy
2. = — =12
in © g T L _;Rs
For best limiting, i.e., small power transmission, Zin

should be as small as possible.

wlh = - ,
UCl
then
2 R
(Z;i,)min = 2 S
in T § . Rg
Cl =] Ucl
2
= ZT Rs
-Xp, (XL - JRs)

If C; is adjusted so that



At low power levels, xcj

A/4 stub terminating impedance becomes

is not negligible so that the

| =[RS + 3 (v - mlzj_)] (.U.g':_l_

2y,
(A)Cj wcl

But C; has been adjusted for the high power case so that

wL=——]=-—
wcl
R P 0 1= - ool (T
Rs_a%.;
then .
ey T Re et - )] (L

UCj ucl

To obtain minimum loss at low power, Zin should be as high

as possible. If the varactor can be chosen so that

we

the circuit will be resonant and C2 will not be needed.

Then

o1
2 Rs - ] Ucqj

o B
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7. = g2 Rs t ] Xcj
in T -j RgX,

Since the varactor cannot, in gereral, be chosen so precisely
for a given circuit, it is necessary to use a tuning capaci-
tor C, in order to achieve a resonant condition. The pres-

ence of the extra capacitor does not appreciably change the

final result.
POWER DISSIPATED IN VARACTOR
The reflection coefficient for the circuit in

Figure B-2 is given by

Zo - RgRy,
= RS + RL
Zo + RSRL
Rg + Ry,
%
Py —» Zo R IR
S [
C;

Figure B-2



R; can be considered to be a matched load and is thus equal

to Z,. T then reduces to

2
r = %o
Zo2 + 2RgZq
Then
L _ 2= 4Rg (R +2))

(Zo + 2Rg)?

The ratios of the power dissipated in the varactor and the

load to the input power are given by

Py - (1 - r?) B T D

Pin Rg + Zo (2o + 2Rg)2
2

2 SREGNCHRPY S S S . s

P Rg + Zo (2o + 2Rg)

If the numerator and denominator of the right hand side of

each equation are divided by 202,

s
4

P, _ 25 .

Pin (2 Rs v+
ZO

2

o Rs

P1, = 2o

P R

Pin ‘2 =8+
Zo

B3
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P PL

Figure B-3 is a plot of Y vs P (db), showing what

Pin in

fraction of the total power is dissipated in the various

levels of limiting.

LIMITING TO LOSS RATIO

It can be shown that

Rs
89)2 & —EQ - Zin for our special case.
“e %; zin’
o
Provided that L >> Lo
where
Wy = Operating frequency
wo = cutoff frequency of varactor
R' = Low power varactor impedence

P

R
Figure B-4 shows §§-plotted versus "L”‘ which depicts the

(o} Pln

effect of the varactor impedance switching ratio on the

2
Zin' Yo

in going from the high power to the low power case.

For

Z. ; R
limiting., -iI_ and thus Yc| 1s the range covered by Es

(o]



X 10

PVARACTOR
PINpUT

| | l I | |
4 8 12 16 24
LIMITING (DB)
Figure B-3



2

“c]" = 1000 and the low power insertion loss

Wo

example if

for a given structure is found to be 0.4 db, then the

limiting will be 31.2 db.

BANDWIDTH
The bandwidth of the varactor can be found by
consideration of the Q of the equivalent circuit in the

limiting (high power) case.

Rg
uoL - Yo
Rg 2TBW
. R
. BW = _S_
2L

THRESHOLD

The limiting threshold of a varactor limiter may be

determined by the following analysis:

= E— = current in the varactor

e, =\/RgP, = voltage across the resistance Rg

Rs UoCRs

B-8



~N
QO

2 5 BamE

(=]
o3

Q
~N

0

T T 11T

i I 1 1 1 1 L L1 1 | 1 1 i

0 2 10 12 14 16 18 20 2 24 2 28 30 32 M 3%
INSERTION LOSS (0B)
Figure B-4



c
CRg
Yo = Xc = 8¢
wo Rg e
Wa We .
e, = — e = — VRgPy = voltage across capacitance Cj
o Wo

The varactor will begin to limit at the input power

level for which e. = ¢, where ¢ is the forward conductance

voltage of the varactor.

W

We
2 (9_92
_ ¢ lug

v
RS

The minimum input power for limiting is then

R
(Pin) min ~ % _IS‘_ Py

R 2
(Pinl min %EISJ_Z :_Z ¢2 :

B-10



DISTRIBUTION LIST

Contract DS 36-039-SC-89158 No. of Coples

OASD (R&E)

Attn: Technical Library

Rm, 3E1065, The Pentagon

Washington 25, D, C, 1

Commander

Armed Services Technical Information Agency
Attn: TISIA

Arlington Hall Station

Arlington 12, Virginia 10
Advisory Group on Electron Devices

346 Broadway

New York 13, New York 2
Director

U. S. Naval Research Laboratory
Attn: Code 2027
Washington 25, D. C. 1

Commanding Officer & Director
U, S. Navy Electronics Laboratory
San Diego 52, California 1

Chief, Bureau of Ships

Department of the Navy

Attn: 68lA-1

Washington 25, D. C. 1

Commander

Aeronautical Systems Division

Attn: ASAPRL

Wright-Patterson AFB, Ohio 1

Commander, AF Cambridge Research Laboratories
Attn: CCRR (1 cy) '
ccsD (1 cy)
CRZC (1 cy)
L. G. Hanscom Field
Bedford, Massachusetts 1

Commander

Air Force Cambridge Research Laboratory

Attn: CRXL-R Research Library

L. G. Hanscom Field

Bedford, Massachusetts 1



DISTRIBUTION LIST

D=
No. of copies

Commander

Rome Air Development Center

Attn: RAALD

Griffiss Alr Force Base, New York 1

AFSC Scientific/Technical Liaison Office
U.S. Naval Air Development Center
Johnsville, Pennsylvania 1

Chief of Research and Development
Department of the Army
Washington 25, D, C, 1

Chief, U. S. Army Security Agency
Arlington Hall Station
Arlington 12, Virginia 2

Deputy President

U. S. Army Security Agency Board

Arlington Hall Station

Arlington 12, Virginia 1

Commanding Officer

U. S, Army Electronics Research Unit

PO Box 205

Mountain View, California 1

Commanding Officer

Harry Diamond Laboratories

Connecticut Avenue & Van Ness Street, N. W.

Attn: Library, Rm. 211, Bldg. 92

Washington 25, D. C, 1

Commander

Us So Army Missile Command

Attn: Technical Library

Redstone Arsenal, Alabama 1

Commanding Officer

U. S. Army Electronics Command

Attn: AMSEL-AD

Fort Monmouth, New Jersey 3

Commanding Officer

U. S. Army Electronics Materiel Support Agency

Attn: SELMS-ADJ

Fort Monmouth, New Jersey 1

Corps of Engineers Liaison Office
U. S. Army Electronics R&P Laboratory
Fort Monmouth, New Jersey 1



DISTRIBUTION LIST

-3=

No. of Copies

Marine Corps Liaison Officer

U. S. Army Electronics R&D Laboratory

Attns SELRA/LNR

Fort Monmouth, New Jersey 1

Commanding Officer

Us S. Army Electronics R&D Laboratory

Attn: Director of Research

Fort Monmouth, New Jersey 1

Commanding Officer

U. S. Army Electronics R&D Laboratory

Attn: Technical Documents Center

Fort Monmouth, New Jersey 1

Commanding Officer
U. S. Army Flectronics R&D Laboratory
Attn: Technical Information Division
(FOR RETRANSMITTAL TO ACCREDITED BRITISH AND
CANADIAN GOVERNMENT REPRESENTATIVES)
Fort Monmouth, New Jersey 3

Commanding Officer
Attn: SELRA/PR (Mr. Garoff) (1 cy)
SELRA/PR (Mr. Hanley) (1 cy)
SELRA/PRG (Mr. Zinn) (1 cy)
SELRA/PRT (Mr. Kaplan)(l cy)
Fort Monmouth, New Jersey 4

Commanding Officer
U. S. Army Electronics R&D Laboratory
Attn: Logistics Division (For: SELRA/PRM,
Project Engineer)
Fort Monmouth, New Jersey 1

Commanding Officer

U. S. Army Electronics R&D Laboratory

Attn:s SELRA/PRM, Record File Copy

Fort Monmouth, New Jersey 1

Commanding General

U. S. Army Materiel Command

Attn: R&D Directorate

Washington 25, D. C, 1

Commanding General

U. S. Army Combat Developments Command

Attn: CDCMR-E

Fort Belvoir, Virginia 1



DISTRIBUTION LIST

wde

Commanding Officer

U. So Army Communication & Electronics
Combat Development Agency

Fort Huachuca, Arizona

Hq. Electronic Systems Division
Attn: ESAT

L. G. Hanscom Field

Bedford, Massachusetts

Director, Fort Monmouth Office

U. S. Army Communication & Electronics
Combat Development Agency

Fort Monmouth, New Jersey

AFSC Scientific/Technical Liaison Office
U. S. Army Electronics R&D Laboratory
Fort Monmouth, New Jersey

Commanding Officer

U. S. Army Electronics R&D Laboratory
Attn: SELRA/PEM (N. Lipetz)

Fort Monmouth, New Jersey

Mr. Roy Roberts

Melabs

3300 Hillview Avenue
Stanford Industrial Park
Palo Alto, California

No. of Copies



QI LIISSVIOKD G31IISEVIONN
“SWIY ISATF SR JO) IJ0dBI SIYI UT PIIUES "OWYI IWIT 3 30 J0dea STYI Ul PeIUeS
~231d 8J® ISITWIT JOIDRITA SYI YITA SITNEST THVIusuTieddxe ~03d 8IF ISITWI] JOIDWIWA I RTA FITESZ TRIWwWIIedm
PUP JOTANCO SISRdSTITIM SYI 3O SISATEU TEOTISIONI PUR Je1dnod a3sudsTITom O43 3O SISATUR EOTISION
95168008 POTIWSE ¥ “POAIOdST $1 SIusLOduoD BS8Y3 3o TI® uo 9516808 POTIWSP ¥ “pealodes s SIUBUDANIO SSEN) 3O TT® WO
~6£0-9EL VO “JIUOD AT sseabolg *IBATWIT I03DRIRA ¢ Pur ‘Ie1dnod> Stasubmunakb ~6€0~9EVD *33UOD °AX $35030601g  JISITWIT J0DWICA ¢ DUT ‘IpTdMod dyIsubmecakd
LR sIeudS AT SR JO SWIO; SNOTIRA ‘AGITWT] SOULUOESI LR sTeudSTITON S 3O SWIC) STOTINA ‘ISATWIT SIUTUOSEI
‘YIANOWUOW “23 A3wrpisqns TRYX®OO B ‘I0IWINO3ITO UOTIDUN[ TEIXWOD ‘UINOWUON 33 AeTpISqQRs TERXEOO T I03TRIITD WOTAOUN( TPYTXRGD
‘Azo3e30q®3I a T ¥ 330d INo7 ® :SIUSUCANOD INOJ JO UOTIRDIISSAUT SYI ‘hKioamioqer a 9 3 330d Ino3 ® :6IusUCAECD INOJ JO UOTIEDIISEAUT M
teubts Awiy *§°n 11X Aryedyourad psatoauy swy weaboad syl “s3usweanbes Teubys Lwdv ‘s “I11X A11wdourad peatoaut swy wmafodd eyl “sausweatnbed
LOaR) 11 TRTUMPes PUP TEOTIDSTS IJvebuiays HuTisew sdwoed £ ‘RIWTd 11 TOIURPew pur TOIIOETe IWHULIIS Hurisen sdwpowd
sbwpPwg I83ITHTT-I8xe (4P PUNg-D ® ST wwiboad sYYI jo Teob eyr asbwpeg eI TWITI~Iexe1dnp pusq-D v o7 wwibodd sTya 3o TROD syl
asaTurI-2ewe1dng °1 Je3 Tuyl-Iexcetdng -1
22ITWIT JoadDwIWp "¢ ISITWIT 303DWIW) ¢
ey YWYl But1d 330dey perZIsSswIOUn BST6E-I5-6L0-9E W] IDRIIWOD 203wyl Buyrd 3I3oday peyjissvidun 95 168-28-6£0-9E¥Q IDWTIU0D
~-nod d>r3submumalsy -y (€~2£00 -no2 STasubmanadp *y (€~LE00
0ITTRIITD ¢ -0ZZ-r'S “om “3dey) €383 97 ‘sydwao-snll ‘dSur 303931 g =0ZZ~rS "oN "3Idey) S8 97 ‘suydeap-enIry “duy
pueg-> ‘sisxeidng -7 dad ;¢ ‘2961 I8qoad0 OF O3 2961 ATnr 1f - Izodey pusg-> ‘siexetdng °Z ad ;5 ‘2961 3Wqoad0 0f 03 Z961 ATar 1f ~ 3I3odey
Joxadng #313383 sseaboag ATasaIenp panll ‘wawD r A8 11T aswms Iexe1dng #333383 #883603g A1303380D PITWL NI °r A& “III ISWE4
uonveg pueg-> “WOEIAND ZITVE ROOGEE ONVE-D JO LiOWd0TaAIa uaO WY puULg-d “EDOTIAND ALTNIEE NOOVEE QENE-D JO LMIWAICIIAZC
30 3usdcTaAsg 1 “ep130T3 ‘JvawameTD ‘wotamiodio) puwy Alaeds 30 JauswdoTeAsg “1 SWPIIOT] ‘IsIWumT) ‘wWoTIRIOAI0) puwy Aiiedg
30 uUOIS1ATd ‘Aundiny SOTUCIIDETE SABMOIOTH AXieds 30 uotsTAIQ “ D 89 X & ™ Aizeds
AIXZISSVYIORN CAXZISSYIOND
»1 ‘g “avg av *1 ‘9 “ava av
QI1IISSVIONG
“OWTI ISITZ SI 307 IJ04BIT STIYI UT PEIUSS G21IISSVIORN ‘awyy 38377 eyl Joj 330de3 STY3 UY PEIUNS
=034 8I® 2ITWI{ ICIDWRA S RTA SITNSSI [vIUSWIIedNe ~92d 81% JSITWIT JOIDWITA M3 R IA SATREST TMIWSWiIledwe
PUR 297000 SIudSTITRE BY3 JO STEATRUR TEOTI8I0NND PUT JeTdNOO BIsudSTITIE Sy JO STRATSUY [EOVISIONG
2$168-08 POTIWOP v "PO3Iodel ST SIUBUCAECO #8B3 3O TT® uo POTIMIOP ¥V “POIIOdS3 ST SILUCANED sSeYI 3O TT® uO
-6{0-9E¥a "33U0D “AX ss83Boid  -393ITET] J0IDWIWA * pUP ‘381dneD STIsubwMoakD 9516008 28825034 *3IBITWT] 30IDRIWA © PUT ‘IBIANGD STISUDREOCIAD
LR s3eudsTITI SR JO SWI0; STOTIWA “ISITWTY SIUTUOER3 ~6£09LVa °“JIIU0D “AL BIBYESTITIE A3 IO BWIOF FNOTITA ‘ISITWI] SIUPUOSBI
‘@anowaoN *3J AIeIPYIQRS TETXEOO ® ‘I03ETNOITS UOTISUN[ TETXWOO s LR Azwrpyeqns TEIXE0O ¥ CJOIPTRIITD UOTIDUR( TEIXEOD
‘Aicamzoqe1 g ¥ ¥ 330d Ino; ® :EIWMUCAOD INO) O UOTITDTISEAUT M3 RROWUoH "33 330d 303 ® :S3UsuUCANCD INC) O WOTIWBTISBAUT MR
Teubts Amay "S$°n III ArTedoutzd peatosu; sey weiboad syl  “sIusemIynbes ‘Aaocrmioqer q 3 ¥ ATTdToUTId DOATOAUT BWY boxd sy Tnbea
£ IND CI11 ITDIURDeE PUe TEO1IWETS IWbULaIs Burisew sbmped Teubts Awiv "$°n 111 TOTURPeE pue TEO1I300Te IWBBUIIAS Burisew sbwyoed
sbupey IBITEII-Iexe1dnp pueg-D v 87 weaboad STYI Jo Teod syl cLooaerd “1x Il 1-Ieeidnp Pum~D v 57 weaboad sTy3 o Twod eyl
a3 Ter)~Jeweidng -1 asbwpoeg
JISITULT JoDWaAwp ‘¢ uluqﬁavi.“..nﬁ -1
sy Butid 3J0dey PETFISSEISUN  PSTGE-DE-6£0~9EWT IDWTIUGD ISITWIT I0DWAe, g J30dey sseToU 3>wnuo
il it B 5l phashpos e ywry ButTd POTFISEETIUN  PS16E-I8-GLO-9E W _nunnow
I 1t Z0ZEIS (oM “3dew) “#383 92 -sudmao-enirl Caul ~reo SvIeubmmlAD |9 -0ZZ-rS "Om *38eY) -$383 »7 *SudeIp-SnTTI -duy
pusg-> *s3sxeTdng -z ad ;¢ ‘Z961 3WqOaAd0 O ©3 Z961 ATnr It - Izodey JOINTNAITS " 4ad (¢ ‘T96T IWQOID0 Of 03 TG ATnr 1€ ~ 3Ilodey
Jexe1dng 8313383 58103y A1283IWND PITYL ‘WICTD °r A8  °IIX ISWH4 pusg-> ‘sasxstdng -z ssaiboig A1eaIwnd PITGL ‘WIVID f Ag  “III ISWA
ucowen pueg-> “EEXII400 ZIDNGS KOOGS ONVE-D JO LIGHIOTIAIG sexe1dng e3taies “EEXII4N0 ZINNELI MCOWES GIVE~D JO JIGHIOTIAZG
30 suswdoTeasg °1 “SPII0TI ‘INIWIWT) ‘WTIRIodIoD puwy Aiieds ucOweg pusy-d CWIIOTS ‘INIWIWT) ‘woTIWIAI0) puey Aiaeds
30 UOTETAI “ o 83 = ™ L13edg 30 Jusmdorersg 1 30 WOTSTATG * 5 &> 3 ™ Aizeds
Qi 1IISSVvINMn
" '8 aw av aaLIssYIND » ‘g -arg av




